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&RQYHUVHO\IRU73WKHUHLVQRWDVWURQJFRUUHODWLRQZLWKWKHK\GUDXOLFORDGLQJRU
WKHKLVWRULFDO IORZ UHJLPHZKLOH WKHPDMRU LQIOXHQFH LV DWWULEXWDEOH WR WKH FORJJLQJSKHQRPHQRQ7KH+\GUDSDYH
V\VWHPLVHTXDOO\LQIOXHQFHGE\DOOYDULDEOHVLQFOXGLQJWKHGHJUHHRIFORJJLQJ
3HUPDSDYHVKRZVDVWURQJFRUUHODWLRQRQO\ZLWKK\GUDXOLFORDGLQJLQVWDQWDQHRXVTDQGLWVFXPXODWLYHYDOXHVEXW
LV QRW LQIOXHQFHG E\ FORJJLQJ ,Q WKLV FDVH WKH UHVXOW LV FRKHUHQW ZLWK WKH ODERUDWRU\ GDWD ZKLFK VKRZHG KRZ
3HUPDSDYHQHYHUFORJJHG>@7KHVHUHVXOWVDOORZHGWRFKRRVHDVNH\YDULDEOHVWKHFXPXODWLYHIORZTHYHU\KRXUV
EHIRUHWKHVDPSOLQJWLPHDQGWKHFXPXODWLYHLQIORZYROXPH9RO,Q$VGHPRQVWUDWHGEHORZLQIDFWWKHVHYDOXHV
DIIHFWERWKWKHSROOXWDQWRXWSXWFRQFHQWUDWLRQDVZHOODVWKHPDJQLWXGHRIFORJJLQJLQDOOSRURXVSDYHUV¶W\SH
7KHORVVRISHUIRUPDQFHGXHWRFORJJLQJLQWRSRURXVSDYHPHQWLVRQHRIWKHPDMRUGLVDGYDQWDJHVWKDWEORFNVWKHLU
ZLGH LPSOHPHQWDWLRQ >@ >@ 'HVSLWH WKLV SUREOHP LV ZHOO NQRZQ WKH JRYHUQRU PHFKDQLVPV DUH QRW ZHOO
XQGHUVWRRGVWLOO$SUHYLRXVZRUN>@SUHVHQWHGDXQLILHGVWRUPZDWHUWUHDWPHQWPRGHODEOHWRGHVFULEHDUDQJHRI
VWRUPZDWHUWUHDWPHQWPHDVXUHVZHWODQGVSRQGVLQILOWUDWLRQV\VWHPVDQGYHJHWDWHGVZDOHVFDOOHGN&PRGHO>@
7KHPRGHOEDVHGRQWKHILUVWRUGHUGHFD\IRUPXODWLRQGXHWRLWVVXFFHVVIXODSSOLFDWLRQWRVLPXODWHPDQ\GLIIHUHQW
LQILOWUDWLRQSUDFWLFHVLWKDVEHHQVHOHFWHGDOVRDVDILUVWDWWHPSWWRVLPXODWHWKHSRURXVSDYHPHQWIXQFWLRQLQJDQGWHVW
LWVYDOLGLW\7KHPHDVXUHGRXWSXWFRQFHQWUDWLRQRI76673DQG71ZDVPRGHOOHGDVIROORZ

   /N TRXW LQ& & & & Hª º  « »« »¬ ¼  

ZKHUH&RXWLVWKHRXWSXWVHGLPHQWFRQFHQWUDWLRQPJ/&LQLVWKHLQSXWVHGLPHQWFRQFHQWUDWLRQPJ/TLV WKH
K\GUDXOLFORDGLQJP\HDU/LVWKHILOWHUOHQJWKP&LVWKHEDFNJURXQGVHGLPHQWFRQFHQWUDWLRQPJ/NLVWKH
GHFD\UDWHFRQVWDQWP\HDU
7KHSUHGLFWLYHSRZHURI WKLV IRUPXOD DQG WKHRWKHU VXEVHTXHQWO\SURSRVHGZDV WHVWHGXVLQJ WKH1DVK6XWFOLIIH
HIILFLHQF\FRHIILFLHQW>@WKDWLVZLGHO\DGRSWHGLQWKH$QJOR6D[RQZRUOGWRHYDOXDWHEHKDYLRXUDQGSHUIRUPDQFHRI
K\GURORJLFPRGHOV16(UDQJHVEHWZHHQíDQG LQFOXVLYHZLWK16( EHLQJ WKHRSWLPDOYDOXH9DOXHV
EHWZHHQDQGDUHJHQHUDOO\YLHZHGDVDFFHSWDEOHOHYHOVRISHUIRUPDQFHZKHUHDVYDOXHVLQGLFDWHVWKDWWKH
PHDQREVHUYHGYDOXHLVDEHWWHUSUHGLFWRUWKDQWKHVLPXODWHGYDOXHZKLFKLQGLFDWHVXQDFFHSWDEOHSHUIRUPDQFH>@
8VLQJWKHPHDVXUHGGDWDWKHN&PRGHOKDVEHHQRSWLPLVHGUHWULHYLQJWKHFDOLEUDWLRQFRHIILFLHQWVNDQG&DEOHWR
PD[LPLVHWKH16(YDOXH,QLWLDOO\ORZHUDQGXSSHUOLPLWVIRUHDFKFRHIILFLHQWZHUHUHWULHYHGWKURXJKDSUHFDOLEUDWLRQ
SHUIRUPHGZLWK([FHO6ROYHU7KHQD0RQWH&DUOR0DUNRY&KDLQ0&0&VLPSOLILHGDQDO\VLVKDVEHHQSHUIRUPHG
>@DVVXPLQJDXQLIRUPGLVWULEXWLRQDVSULRUGLVWULEXWLRQIRUDOOSDUDPHWHUV>@7KHILQDOFDOLEUDWLRQFRHIILFLHQWVDUH
UHSRUWHGEHORZ7DEOH
7DEOH&DOLEUDWLRQFRHIILFLHQWVDQGUHODWLYH1DVK6XWFOLIIH(IILFLHQF\(QVIRUWKHN&PRGHO
 3RURXV$VSKDOW3$ +\GUDSDYH+3 3HUPDSDYH33
3ROOXWDQW & N (QV & N (QV & N (QV
766 ( (  ( (  ( ( 
73 ( (  ( (  ( ( 
71 ( (  ( (  ( ( 

7KHWDEOHDERYHVKRZVWKDWN&PRGHOZRUNVTXLWHZHOOIRUSUHGLFWLRQRI766LQDOOWKUHHSRURXVSDYHPHQWVW\SHV
5HVXOWVDUHVXIILFLHQWO\JRRGIRUPRGHOOLQJRI73UHJDUGLQJ+\GUDSDYHDQG3HUPDSDYHZKLOHIRU7RWDO1LWURJHQWKH
IRUPXODWLRQVKRZVLWVOLPLWDWLRQV*UDSKUHSRUWHGLQ)LJVKRZVWKDWN&PRGHOXQGHUHVWLPDWHVFRQFHQWUDWLRQSHDNV
LQFRUUHVSRQGHQFHRIµ6WRUP¶HYHQWVZKLOHJHQHUDOO\LWRYHUHVWLPDWHVRWKHUFRQFHQWUDWLRQYDOXHVLQFRUUHVSRQGHQFH
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RIORZIORZV,WLVSRVVLEOHWRQRWLFHDOVRKRZSUHGLFWHGFRQFHQWUDWLRQVDUHDOZD\VWKHVDPHLQFRUUHVSRQGHQFHRIWKH
VDPHLQSXWIORZVPHDQLQJWKDWWKHN&PRGHOZRUNVUHJDUGOHVVWKHDQWHFHGHQWGU\LQJZHWWLQJFRQGLWLRQVFORJJLQJ
FRQGLWLRQV 7KHQFH WKHVH UHVXOWV VKRZ KRZ WKH SRURXV SDYHPHQWVPRGHOOLQJ UHTXLUHV D QHZ IRUPXOD7KDQNV WR
SUHYLRXVFRUUHODWLRQVSHUIRUPHGWKHLGHQWLILHGNH\YDULDEOHVTDQG9RO,QZHUHXVHGWRLQGLYLGXDWHQHZSRVVLEOH
IRUPXODWLRQVRUPRGLI\WKHN&PRGHO$0RQWH&DUORDSSURDFKZHUHDSSOLHGLQRUGHUWRPD[LPLVHWKH1DVK6XWFOLIIH
(IILFLHQF\ IRU HDFK WHVWHG IRUPXODWLRQ FDOLEUDWLQJ WKH HPSLULFDO FRHIILFLHQWV )LQDOO\ DIWHU WKHVH DWWHPSWV QHZ
IRUPXODWLRQVZLWKKLJKHU16(KDVEHHQVHOHFWHGDQGSURSRVHG


)LJ([DPSOHRIJUDSKVKRZLQJFRPSDULVRQRI73PHDVXUHGDQGSUHGLFWHGIRU3RURXV$VSKDOWZLWKN&PRGHO
7KHILQDOSURSRVHGVKDSHVDUHUHSRUWHGEHORZ>@
6KDSH±766    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$VUHJDUG766DQG73WKHSURSRVHGIRUPXODWLRQVVLPSO\UHSUHVHQWDPRGLILFDWLRQRIWKHFODVVLFDON&PRGHO,Q
SDUWLFXODUIRU6KDSHLVDGGHGWKHWHUPT%ZKHUHDSSHDUTFXPXODWLYHIORZHYHU\KRXUVDQGDFDOLEUDWLRQ
FRHIILFLHQW%,QVWHDGIRU6KDSHWKHEDFNJURXQGVHGLPHQWFRQFHQWUDWLRQZDVK\SRWKHVLVHGYDU\LQJZLWKDSRZHU
ODZDGGLQJWKHWHUP& DÂ9E7RWDO1LWURJHQVKRZVDFRPSOHWHO\GLIIHUHQWEHKDYLRXUUHTXLULQJWKHGHILQLWLRQRI
DQHPSLULFDOIRUPXODZKHUHDSSHDUWKHUDWLR9TEHWZHHQWKHFXPXODWLYHLQIORZYROXPHVDQGWKHFXPXODWLYHIORZ
HYHU\KRXUVSHUIHFWO\GHVFULELQJWKHFORJJLQJSKHQRPHQRQ7KHUHPDLQLQJSDUDPHWHUVQRWVSHFLILHGDERYHDUH
FDOLEUDWLRQFRHIILFLHQWVVSHFLILFIRUHDFKSDYHPHQWV\VWHP
5HVXOWVDQG'LVFXVVLRQ
7KHUHVXOWVRIFDOLEUDWLRQRSHUDWLRQSHUIRUPHGDUHV\QWKHVLVHGLQWRWKHWDEOHEHORZZKHUHIRUHDFKIRUPXODYDOXHV
RIWKHFDOLEUDWLRQFRHIILFLHQWVZLWKWKHFRUUHVSRQGHQW1DVK6XWFOLIIHHIILFLHQFLHVDUHUHSRUWHG7DEOH
/RRNLQJDWJODQFHKLJKHU1DVK6XWFOLIIHFRHIILFLHQWVWKDQWKHFODVVLFN&PRGHOFDQEHQRWHG7KHIRUPXODWLRQ
XVHGWRPRGHOWKH766VKRZVWKHEHVWUHVXOWVDQGHYHQ16(FRHIILFLHQWVIRU73DUHKLJKIRU+3DQG33&RQYHUVHO\
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PRGHOOLQJ RI 71 UHVXOWVPXFK GLIILFXOW VKRZLQJ VWLOO SRVLWLYH EXW ORZ16( FRHIILFLHQWV SUREDEO\ EHFDXVH RI WKH
FRPSOH[QLWURJHQFKHPLVWU\
7DEOH1DVK6XWFOLIIH(IILFLHQF\FRHIILFLHQWVDQGFDOLEUDWLRQSDUDPHWHUVIRU7666KDSH736KDSHDQG716KDSH
 3RURXV$VSKDOW3$ +\GUDSDYH+3 3HUPDSDYH33
3ROOXWDQW & % N (QV & % N (QV & % N (QV
766 ( ( (  ( ( (  ( ( ( 
 D E N (QV D E N (QV D E N (QV
73 ( ( (  ( ( (  ( ( ( 
 D E % (QV D E % (QV D E % (QV
71 ( ( (  ( ( (  ( ( ( 

7KH UHOLDELOLW\RI WKH WKUHHSURSRVHGVKDSHVZHUHYHULILHG WKURXJKDQHUURUDQDO\VLVZKLFKFRPSDUHG WKHN&
PRGHOZLWKWKHSURSRVHGIRUPXODWLRQVFDOFXODWLQJWKHSHUFHQWDJHUHODWLYHHUURUWRWKHPHDVXUHGLQOHWFRQFHQWUDWLRQ
  SUHG PHDVRXW RXWPHDV
LQ
& &(UU,1 &
  
DQGWKHSHUFHQWDJHUHODWLYHHUURUWRWKHPHDVXUHGRXWOHWFRQFHQWUDWLRQ
  SUHG PHDVRXW RXWPHDV
RXW
& &(UU287 &
  
)RUHDFKPRGHODUDQJHRIHUURUWKUHVKROGVEHWZHHQDQGZHUHFRQVLGHUHGHYDOXDWLQJIRUHDFKRQHWKH
SHUFHQWDJHRISRLQWVKDYLQJDQHUURUKLJKHUWKDQWKHSUHIL[HGWKUHVKROG7DEOH
7DEOH5HODWLYHRXWOHWHUURUVDQGSHUFHQWDJHRISRLQWVZLWKHUURUJUHDWHUWKDQWKHWKUHVKROGV
 N&0RGHO 6KDSH 6KDSH 6KDSH
(UU287 766BN& 73BN& 71BN& 766 73 71
7KUHVKROGV 1XPEHURISRLQWV 1XPEHURISRLQWV
      
      
      
      
      
      
      
      
      

7KHVHUHVXOWVREWDLQHGIURP76673DQG71DUHLOOXVWUDWHGEHWWHULQWRWKHIROORZLQJFKDUWV)LJ7DEOHDQG)LJ
VKRZERWKKRZIRUWKHVDPHWKUHVKROGWKHQXPEHURISRLQWVZLWKDQHUURUJUHDWHUWKDQWKDWWKUHVKROGDUHORZHUZKHQ
WKHQHZSURSRVHGVKDSHVDUHFRQVLGHUHG)RULQVWDQFHFRQVLGHULQJ73DQGVHWWLQJDWKUHVKROGRIWKHN&PRGHO
VKRZVDQXPEHURISRLQWVZLWKWKDWHUURURIZKLOVWWKHSURSRVHG6KDSHVKRZVDQXPEHURISRLQWVRQO\RI
764   M. Carbone et al. /  Procedia Engineering  89 ( 2014 )  758 – 766 
6LPLODUFRQVLGHUDWLRQVDUHYDOLGDOVRIRURWKHUWKUHVKROGVDQGSROOXWDQWVW\SHVDFKLHYLQJWKHEHVWSHUIRUPDQFHIRU
71$OLNHDQDO\VLVKDVEHHQSHUIRUPHGFRQVLGHULQJWKHUHODWLYHLQOHWHUURU7DEOH,QWKLVFDVHDOOQHZIRUPXODWLRQV
VKRZDEHWWHUWHQGHQF\FRPSDUHGZLWKWKHN&PRGHO,QIDFW7DEOHDQG)LJVKRZWKDWWKHSHUFHQWDJHRISRLQWV
ZLWKHUURUJUHDWHUWKDQWKHSUHIL[HGWKUHVKROGVDUHOHVVWKDQIRU766DQG73DQGOHVVWKDQIRU719DOXHV
IRU71GHPRQVWUDWHLWVH[WUHPHGLIILFXOW\LQPRGHOOLQJEHLQJSUHVHQWDFHUWDLQQXPEHURISRLQWVZLWKHUURUVUDQJLQJ
EHWZHHQDQG+RZHYHURQO\RIWKHSRLQWVDUHDIIHFWHGE\WKHVHKLJKHUURUVZKLFKFDQEHQHJOLJLEOH
IRUWKLVVXEVWDQFH


)LJ*UDSKVRIWKHUHODWLYHRXWOHWHUURUVIRU76673DQG71ZLWKWKHLQGLFDWLRQRIWKHQXPEHURISRLQWVRXWRIHDFKWKUHVKROG
7DEOH5HODWLYHLQOHWHUURUVDQGSHUFHQWDJHRISRLQWVZLWKHUURUJUHDWHUWKDQWKHWKUHVKROGV
 N&0RGHO 6KDSH 6KDSH 6KDSH
(UU,1 766BN& 73BN& 71BN& 766 73 71
7KUHVKROGV 1XPEHURISRLQWV 1XPEHURISRLQWV
      
      
      
      
      
      
      
      
      



)LJ5HODWLYHLQOHWHUURUVIRU76673DQG71ZLWKWKHLQGLFDWLRQRIWKHQXPEHURISRLQWVRXWRIHDFKWKUHVKROG
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&RQFOXVLRQV
7KLVSDSHU KDV VXJJHVWHG DQ LQQRYDWLYH IRUPXODWLRQ WRPRGHO WKHSROOXWDQW EHKDYLRXU LQ WKUHH FRPPRQO\XVHG
SHUPHDEOHSDYHPHQWVW\SHV3RURXV$VSKDOW+\GUDSDYHDQG3HUPDSDYH9DOLGDWLRQRIWKHUHVXOWVZHUHFDUULHGRXW
WKURXJKWKH1DVK6XWFOLIIHHIILFLHQF\XVLQJD0RQWH&DUOR0DUNRY&KDLQDSSURDFKLQRUGHUWRSURSHUO\FDOLEUDWHWKH
FRHIILFLHQWVRI WKHSURSRVHG IRUPXODWLRQV7KHZLGHO\XVHGN&PRGHOGLGQRWZRUNHIILFLHQWO\ LQPRGHOOLQJ WKH
FRQWDPLQDQWVEHKDYLRXULQWRWKHSDYHPHQWV7KXVDVHULHVRIUHJUHVVLRQVKHOSHGWRLGHQWLI\WKHNH\YDULDEOHVGULYLQJ
WKHSKHQRPHQRQFXPXODWLYHWZHOYHKRXUVIORZT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